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Fig. 3: State of the art
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Fig. 5h:
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FLUID FLOW MACHINE WITH RUNNING
GAP RETRACTION

This application claims priority to German Patent Appli-
cation DE102008052401.8 filed Oct. 21, 2008, the entirety of
which 1s incorporated by reference herein.

This invention relates to a fluid flow machine with runming
gap retraction.

The aerodynamic loadability and the efficiency of fluid
flow machines such as blowers, compressors, pumps and
fans, 1s limited 1n particular by the growth and the separation
of boundary layers 1n the rotor and stator blade tip area near
the casing or the hub wall, respectively. On blade rows with
running gap, this leads to re-flow phenomena and the occur-
rence of mstability of the machine at higher loads.

Fluid flow machines according to the state of the art either
have no particular features to provide remedy in this area, or
so-called casing treatments are used as counter-measure,
which include
a) slots/apertures and chambers 1n the casing above the rotor,
b) slots 1n the casing, which are essentially oriented 1n flow

direction and have a slender form with a small extension, as

viewed 1n the circumiferential direction of the machine,
c) circumierential grooves of different cross-sectional
shapes.

This 1includes known solutions, which are disclosed in the
following documents:

US 2005/0226717 Al
EP 0754 864 Al

DE 101 35003 C1
DE 103 30 084 Al

A sketch of conventional slots and grooves 10 1s provided

in FIGS. 1q and 15b.

Simple concepts of casing treatments, as known from the
state of the art, 1n the form of slots and/or chambers 1n the
annulus duct wall provide for an increase 1n stability of the
fluid flow machine. However, due to unfavorably selected
arrangement or shaping, this increase 1n stability 1s unavoid-
ably accompanied by a loss 1n efliciency. The known solu-
tions partly consume much space at the periphery of the

annulus duct of the fluid flow machine and, due to their shape
have only limited efficiency and/or are restricted to an
arrangement ol a rotor blade row enclosed by a casing.

A broad aspect of the present invention 1s to provide a fluid
flow machine of the type specified above which, while avoid-
ing the disadvantages of the state of the art, 1s characterized by
exerting a highly effective influence on the boundary layer 1in
the blade tip area.

More particularly, the present invention relates to a blade
row of a flmd flow machine with free blade end and runming,
gap, with at least part of the running gap retracting from the
main flow path confinement into the main flow path by a finite
amount, with the running gap at the retractions no longer
being confined by the main flow path confinement, but by a
peripheral guiding device passed by the main flow and con-
nected to the main tlow path confinement and including a row
of straight or cambered profiles. The running gap retraction
according to the present invention applies to arrangements
with runming gap and relative movement between blade end
and main flow path confinement, both on the casing and on the
hub of the fluid flow machine.

The present invention therefore relates to fluid flow
machines, such as blowers, compressors, pumps and fans of
the axial, semi-axial and radial type. The working medium or
fluid may be gaseous or liquid.
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2

The fluid flow machine may include one or several stages,
cach stage having a rotor and a stator; in individual cases, the
stage 1s formed by a rotor only.

The rotor includes a number of blades, which are con-
nected to the rotating shatt of the machine and impart energy
to the working medium. The rotor may be designed with or
without shrouds at the outward blade ends.

The stator includes a number of stationary vanes, which
may either feature a fixed or a free blade end on the hub and

on the casing side.

Rotor drum and blading are usually enclosed by a casing; in
other cases (e.g. aircraft or ship propellers) no such casing
exi1sts.

The machine may also feature a stator, a so-called inlet
guide vane assembly, upstream of the first rotor. Departing
from the stationary fixation, at least one stator or ilet guide
vane assembly may be rotatably borne, to change the angle of
attack. Varniation 1s accomplished for example via a spindle
accessible from the outside of the annulus duct.

In a special configuration the fluid flow machine may have
at least one row of variable rotors.

In an alternative configuration, multi-stage types of fluid
flow machines according to the present invention may have
two counter-rotating shafts, with the direction of rotation of
the rotor blade rows alternating between stages. Here, no
stators exist between subsequent rotors.

Finally, the fluid flow machine may—alternatively—fea-
ture a bypass configuration such that the single-tflow annulus
duct divides into two concentric annuli behind a certain blade
row, with each of these annuli housing at least one further
blade row.

FIG. 2 (Prior Art) shows examples of fluid flow machines
relevant to the present invention.

The present invention 1s more fully described 1n light of the
accompanying figures showing preferred embodiments:

FIG. 1a 1s a sketch of the state of the art, rotor casing
freatment,

FIG. 1b 1s a sketch of the state of the art, rotor casing,
circumierential grooves,

FIG. 2 (Prior Art) shows examples of fluid flow machines
relevant to the present invention,

FIG. 3 shows a running gap arrangement in accordance
with the state of the art 1n meridional section,

FIG. 4a shows an example of a running gap arrangement 1n
meridional section 1n accordance with the present invention,

FIG. 4b shows a definition of relevant characteristics of the
arrangement 1n accordance with the present invention,

FIG. 5a shows running gap arrangements in accordance
with the present invention,

FIG. 5b shows arrangements of the peripheral guiding
device 1in accordance with the present invention, view Z-7 of
FIG. Sa,

FIG. 6 shows runming gap arrangements in accordance
with the present invention,

FIG. 7a shows running gap arrangements in accordance
with the present invention,

FIG. 7b shows arrangements of the peripheral guiding
device 1in accordance with the present invention, view Z-7 of
FIG. 7a,

FIG. 7c¢ shows arrangements of the peripheral guiding
device 1n accordance with the present invention, view Z-7 of
FIG. 7a,

FIG. 8 shows a running gap arrangement 1n accordance
with the present invention,

FIG. 9 shows a running gap arrangement 1 accordance
with the present invention,
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FIG. 10 shows running gap arrangements in accordance
with the present invention 1n meridional section, defimition of
running gap inclination,

FIG. 11 shows running gap arrangements in accordance
with the present invention with abradable coating and step at
the blade tip,

FIG. 12 shows running gap arrangements 1n accordance
with the present invention with abradable coating and step at
the peripheral guiding device.

FI1G. 3 shows a state-of-the-art gap arrangement 1n the area
of the blade end of a blade row 5 of a fluid flow machine 1n the
meridional plane established by the axial direction x and the
radial direction r. The running gap 11 at the tip of the free
blade end 1s situated directly at the periphery of the main flow
path 2 formed by a hub or casing assembly 6. Consequently,
in the state of the art, the gap 11 1s, on the one side, formed by
the inner or outer annulus duct contour (hub or casing 6) of the
fluid flow machine and, on the other side, by the tip of a rotor
blade or a stator vane.

A rotary relative movement exists between the blade tip
and the component assembly forming the main flow path
confinement (annulus duct contour 2). This representation
and any other illustration of the present invention therefore
similarly applies to the following arrangements:

1) Rotary blade (rotor) on stationary casing,

2) Stationary blade (stator) on rotary hub,

3) Stationary blade (stator) on rotary casing,

4) Rotary blade (rotor) on stationary hub.

The main flow direction 1s indicated by a bold arrow.
Upstream of the blade row 5 with running gap at least one
turther blade row 5 can be disposed, as indicated here by
broken lines. Also downstream (notindicated 1n the sketch) at
least one further blade row can be arranged. Three thin, long
arrows 1ndicate the meridional flow in the vicinity of the main
flow path confinement. It passes through the blade row 3
essentially parallel to the blade tip and parallel to the running
gap. The running gap 11, in an arrangement according to the
state of the art, 1s marked by four end points:

1) the leading edge point V at the blade tip,

2) the trailing edge point H at the blade tip,

3) the forward gap end point M arranged opposite of the

leading edge point V,
4) the rearward gap end point N arranged opposite of the
trailing edge point H.

According to the state of the art, the lines between the
points V and H and between the points M and N can have a
straight or a curved course.

FIG. 4 shows, in similar representation, an example of a
gap arrangement according to the present invention in the area
of the blade end of a blade row of a fluid flow machine 1n the
meridional plane established by the axial direction x and the
radial direction r. The running gap 11 at the tip of the free
blade end 1s remote from the main tlow path confinement by
a finite distance.

Different distances of the running gap 11 to the main flow
path confinement at the leading edge and at the trailing edge
lead to an inclination of the running gap against the main flow
path confinement and also against the meridional flow.

Retraction of the running gap 11 into the interior of the
main flow path according to the present invention and, i
applicable, 1inclination of the running gap according to the
present invention, leads to reduction of the gap leakage tlow
and, 1n particular, suppression of a meridional retlow in the
area of the running gap.

A peripheral gmiding device 10 including of a row of
straight or cambered profiles 1s provided 1n the space pro-
duced between the running gap 11 and the main flow path
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4

confinement by the retraction of the running gap 11. The
peripheral guiding device 10 1s firmly connected to the com-
ponent assembly forming the main flow path confinement.

The representation in FIG. 4 shows a variant according to
the present invention with gap retraction at leading and trail-
ing edge and, consequently, a peripheral guiding device 10
extending from the leading edge to the trailing edge. The
running gap arrangement 1s here marked by six points:

1) the leading edge point V at the blade tip,

2) the trailing edge point H at the blade tip,

3) the forward gap end point M arranged opposite of the

leading edge point 'V,

4) the rearward gap end point N arranged opposite of the
trailing edge point H,

5) the forward contour point P of the main flow path con-
finement delimiting the peripheral guiding device in the
upstream direction,

6) the rearward contour point S of the main flow path
confinement delimiting the peripheral gmiding device 10
in the downstream direction.

According to the present invention, the lines between the
points V and H and between the points M and N as well as
between the points P and S can have a straight (as shown in
FIG. 4) or a curved/bent course.

FIG. 4b shows the definition of relevant characteristics of
the running gap arrangement according to the present inven-
tion. The retraction depth of the running gap 11 1s variable
according to the present invention. Definition of the charac-
teristics 1s by areference line through the points P and S of the
main tlow path confinement if the peripheral guiding device 1s
provided to or beyond the trailing edge of the blade row 1n the
direction of flow. I the peripheral guiding device 10 ends
already upstream of the trailing edge of the blade row 3, with
point N falling on the main tlow path confinement, the refer-
ence line 1s defined by the points P and N. The running gap
retraction depth at the leading edge, t,, 1s defined as the
distance of the forward gap end point M from the main flow
path confinement, measured 1n vertical direction to the refer-
ence line.

The running gap retraction depth at the trailing edge, t,,, 1s
defined as the distance of the rearward gap end point N from
the main flow path confinement, measured 1n vertical direc-
tion to the reference line.

The length of the blade tip, 1, 1s defined as the vertical
distance of the trailing edge point H from the orthogonal to
the reference line passing through the leading edge point V.
The leading edge ofiset d ., ,1s defined as the vertical distance
of the gap end point M from the orthogonal to the reference
line passing through the leading edge point V.

The trailing edge offset d ;. 1s defined as the vertical dis-
tance of the gap end point N from the orthogonal to the
reference line passing through the trailing edge point H.

The upstream extension of the peripheral guiding device, v,
1s defined as the vertical distance of the contour point P of the
main flow path confinement from the orthogonal to the refer-
ence line passing through the leading edge point V and 1s
positive, as shown. The downstream extension of the periph-
eral guiding device, w, 1s defined as the vertical distance of the
contour point S of the main flow path confinement from the
orthogonal to the reference line passing through the leading
edge point V and 1s positive, as shown.

In accordance with the present invention, the following
restrictions shall apply:

1) t,<0.31,

2) t,<0.31;,

3) -0.05-VH<d,, <0.051;,

4) -0.1-1;,<d<0.1-1,~,
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5) =0.051, <v<l;

6) O<w<]. 1 IVH

The running gap retraction depth at any point within the
bladed area (between leading and trailing edge) of the blade
row 5 1s defined as the distance of the respective point from
the main tlow path confinement, measured in vertical direc-
tion to the reference line.

FIG. 5a shows two running gap arrangements according to
the present invention 1n which the peripheral guiding device
10 extends along the entire blade tip. The left-hand half of the
figure (meridional section, x-r plane) shows, at the top, a
variant with rectilinear course of the main tlow path confine-
ment and, at the bottom, a variant with curved course of the
main tflow path confinement. In both variants, the retraction
depth of the running gap 1s larger at the leading edge than at
the trailing edge (t,~>t,,).

View Z-7. 1s shown 1n both variants.

On the right-hand side of the figure, the configuration 1s
shown in View Z-7,, 1.e. in the plane established by the meridi-
onal direction m and the circumierential direction u. The
sectional plane Z-7 extends within the main flow path
through the blades 5 there disposed, three of which are
depicted 1n the cut-out shown. Also visible 1s the peripheral
guiding device 10, which here includes a row of slender,
straight profiles 12. The peripheral guiding device 10 1s firmly
connected to the main flow path confinement. The blades S of
the blade row perform, as indicated by the slender arrow
showing 1n the circumierential direction u, a (rotary) relative
movement against the peripheral guiding device 10 and the
main flow path confinement. The main flow passes the
arrangement from the lett to the right, see the bold arrow. The
flow through two adjacent passages of the peripheral guiding
device 10 1s indicated by a thin arrow each. The profiles and
the passages of the peripheral guiding device 10 are straight in
this example. The connecting line of the leading edge points
V of the blades 1s marked VL and the connecting line of the
trailing edge points H of the blades 1s marked HL. Situated
between VL and HL 1s the bladed area of the blade row 5
which, 1n the example according to the present invention here
shown, essentially agrees with the area covered by the periph-
eral guiding device 10.

Also falling within the scope of the present invention, two
turther arrangements of the peripheral guiding device 10 are
shown 1n FIG. 5b 1n the View Z-7Z known from FIG. 3a.
Turning to the left-hand side of the Figure, the peripheral
guiding device 10 mncludes a row of cambered profiles 12 of
constant thickness. The passage between two profiles 12 of
the peripheral guiding device 10 1s markedly curved such that
the circumierential component of the tlow, when passing the
peripheral guiding device 10, increases in the direction of the
relattve movement of the blade row 5. The stagger angle A, of
the profiles of the peripheral gmiding device 10 and the stag-
ger angle Ao of the profiles of the blade row 5 here have
opposite signs. The stagger angle 1s measured between the
meridional direction m and the chord line of the respective
profile 12. The stagger angle A, of the profiles of the periph-
eral guiding device 10 1s negatively signed in the direction
shown. The stagger angle A . of the profiles of the blade row 5
1s positively signed in the direction shown. If the profiles have
no camber and a non-constant thickness, the longitudinal
symmetry line of the profile, instead of the profile chord, 1s
used for determining the stagger angle.

A quite similar configuration 1s shown 1n the right-hand
half of the figure. Shown there 1s a peripheral guiding device
with cambered and drop-shaped profiles.

FIG. 6 shows two running gap arrangements according to
the present invention 1n which the peripheral guiding device
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6

10 extends along the entire blade tip, but with the retraction
depth of the runming gap 11 decreasing to zero up to the
trailing edge of the blade row 5 (tV>tH=0). The rearward gap
end point N of the peripheral guiding device here coincides
with the rearward contour point S of the main flow path
confinement. Thus, the peripheral guiding device 10 1s, 1n
meridional section, provided with a favorable wedge-type
shape 1n accordance with the present invention.

The right-hand side of the figure shows the View Z-7 1n the
plane established by the meridional direction m and the cir-
cumierential direction u. Here, the profiles 12 and the pas-
sages 13 of the peripheral guiding device 10 are again
straight, with the area occupied by the peripheral guiding
device 10 coinciding essentially with the bladed area of the
blade row 5 (between VL and HL).

The stagger angle A, of the profiles of the peripheral guid-
ing device and the stagger angle A of the profiles of the blade
row here have equal signs.

According to the present invention, the stagger angle of the
profiles of the peripheral guiding device may have values in
the range between -70° and 70° (=70°<A,<70°), but it 1s
particularly favorable to provide values from the range
—40°<A ,<30°.

FIG. 7a shows two runming gap arrangements 1n accor-
dance with the present invention, in which the peripheral
guiding device 10 extends over the forward part of the blade
tip. While the rearward gap end point N now lies on the main
flow path confinement, the contour point S 1s situated within
the bladed area of the blade row 5. The retraction depth of the
running gap 11 decreases to zero up to the point S. Accord-
ingly, the gap retraction depth 1s continuously zero between
the contour point S and the rearward gap end point N. Here
again, the peripheral guiding device 10 has, in meridional
section, a favorable wedge-type shape 1n accordance with the
present 1nvention.

The left-hand side of the figure shows, at the top, an
arrangement according to the present invention 1n which the
main flow path confinement extends approximately rectilin-
carly and, due to the wedge-type shape of the peripheral
guiding device 10, a bending point K 1s provided in the blade
tip near the contour point S. Accordingly, the running gap also
extends with a bend.

The bottom lett-hand part of the figure shows an arrange-
ment according to the present mvention in which the main
flow path confinement has a curved extension such that,
despite the wedge-type shape of the peripheral guiding device
10, a bend-free course of the blade tip and the running gap 11
can be provided.

The right-hand side of the figure shows the View Z-7 1n the
plane established by the meridional direction m and the cir-
cumierential direction u. Here, the profiles and the passages
of the peripheral guiding device 10 are curved, with the area
occupied by the peripheral guiding device 10, commencing at
the leading edge line VL, covering only part of the bladed area
of the blade row 5. The stagger angle A of the profiles of the
peripheral guiding device 10 and the stagger angle A of the
profiles of the blade row 5 here have opposite signs.

Also falling within the scope of the present invention, two
further arrangements of the peripheral gmiding device 10 are
shown 1 FIG. 76 1n the View Z-Z known from FIG. 7a.
Turning to the left-hand side of the figure, the peripheral
guiding device 10 includes a row of non-cambered profiles of
constant thickness. Turning to the right-hand side of the fig-
ure, the peripheral guiding device 10 includes a row of cam-
bered profiles of constant thickness. The passage between
two profiles of the peripheral guiding device 10 1s curved such
that the circumierential component of the tlow, when passing
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the peripheral guiding device 10, increases opposite to the
direction of the relative movement of the blade row 5.

Also falling within the scope of the present invention, two
turther arrangements of the peripheral guiding device 10 are
shown 1 FIG. 7¢ 1n the View Z-Z known from FIG. 7a.
Turning to the left-hand side of the figure, the peripheral
guiding device includes a row of non-cambered wedge-type
profiles with maximum thickness at the trailing edge. The
displacement effect here continuously increases 1n the direc-
tion of flow. Turning to the right-hand side of the figure, the
peripheral guiding device 10 includes a row of non-cambered,
thick profiles with maximum displacement effect 1n the cen-
ter part thereot. In both halves of the figure, the longitudinal
symmetry axis 1s marked for a profile of the peripheral guid-
ing device 10, and 1s to be used for determining the stagger
angle for this type of profile.

FI1G. 8 shows a favorable running gap arrangement accord-
ing to the present invention i which, 1n the meridional sec-
tion (x-r plane), the peripheral guiding device 10 extends only
along the forward third of the blade tip according to the
tollowing provision w<0.33 1VH. The right-hand side of the
figure shows the View Z-7Z in the plane established by the
meridional direction m and the circumiferential direction u.
Here, the profiles and the passages of the peripheral gmiding
device 10 are of short and straight design.

FIG. 9 shows another favorable running gap arrangement
according to the present invention. As shown 1n the left-hand
half of the figure 1n the meridional section (X-r plane), the
running gap extends parallel to the machine axis.

Furthermore, the forward contour point P of the main flow
path confinement 1s disposed significantly upstream of the
forward gap end point M, resulting 1n a distinct upstream
extension of the peripheral guiding device 10, v, of approxi-
mately 0.4-1;.,. In consequence thereol, the leading edge of
the peripheral guiding device profiles no longer extends
essentially orthogonally to the running gap or to the main flow
path confinement, as 1n the above solutions according to the
present invention, but (corresponding to an aerodynamic
sweep ) obliquely to the running gap and obliquely to the main
flow path confinement. The right-hand side of the figure
shows the View Z-7 as known. Here, the profiles and the
passages of the peripheral guiding device 10 are curved. As a
result of the aerodynamic sweep provided, the peripheral
guiding device 10 occupies an area upstream of the leading
edge line VL and a part of the bladed area of the blade row 5.

FI1G. 10 shows further favorable running gap arrangements
according to the present invention with low gap inclination
angle. The gap inclination angle ¢ 1s measured between the
longitudinal axis of the fluid flow machine and a straight line
passing through the points V and H 11 the blade tip has no bent,
see left-hand half of the figure. The gap inclination angle a 1s
measured between the longitudinal axis of the fluid flow
machine and a straight line passing through the points V and
K 11 the blade tip has a bending point K, see right-hand half of
the figure a 1s positive, as shown.

According to the present invention, 1t 1s particularly favor-
able 1t the gap inclination angle amounts to less than 8°
(—8°<a<8°).

In FIG. 11, a gap arrangement according to the present
invention 1s shown, with a peripheral guiding device 10 being
arranged 1n the forward area of the blade row 5 and, following
in flow direction, an abradable coating 14 being provided 1n
the rearward part of the bladed area of blade row 5. With such
an arrangement, it may be favorable according to the present
invention to provide the blade tip with a step, such that the
running gap 1s larger in the area of the peripheral guiding
device 10 than 1n the area of the abradable coating 14.
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In FIG. 12, a gap arrangement according to the present
invention 1s again shown, with a peripheral guiding device 10
being arranged in the forward area of the blade row and,
following in flow direction, an abradable coating 14 being
provided 1n the rearward part of the bladed area of blade row
5. With such an arrangement, alternatively to a step provided
in the blade tip, 1t may be favorable according to the present
invention to somewhat recess the peripheral guiding device
10 against the abradable coating 14, such that the running gap
11 1s larger 1n the area of the peripheral guiding device 10 than
in the area of the abradable coating 14.

The present invention can be described as follows:

Fluid flow machine with a main flow path which 1s confined
by a hub and a casing and in which at least one row of blades
1s arranged, with a blade end with gap being provided on the
blade row, with the blade end and the main flow path confine-
ment performing a rotary movement relative to each other in
the vicinity of said blade end, with at least part of the runming
gap retracting from the main flow path confinement into the
main flow path by a finite amount, with the running gap at the
retractions no longer being confined by the main flow path
coniinement, but by a peripheral guiding device passed by the
main flow and firmly connected to the main flow path con-
finement and consisting of a row of profiles,

with preferably the configuration of the peripheral guiding
device and of the running gap, as viewed 1n meridional sec-
tion, being subject to further restrictions with regard to six
significant characteristics, with

a) 1,,;- being the length between the leading edge and the

trailing edge at the blade tip,

b) the running gap retraction depth at the leading edge, t;.

being subject to the requirement t,<0.3-1,,,

¢) the running gap retraction depth at the trailing edge, t,,,

being subject to the requirement t,<0.3-1,,

d) the leading edge oftset d,,, being subject to:

—-0.05-1,,,<d;,,<0.05-1, -,
¢) the trailling edge ofiset d,. being subject to:
-0.11,<d,,,<0.1°1,,
1) the upstream extension of the peripheral guiding device,
v, being subject to the requirement 0.05:1,,<v<l, .,
o) the downstream extension of the peripheral guiding
device, w, being subject to the requirement O<w<1.11,,,,,
with preferably the running gap retraction depth at the
leading edge, t,, being larger than the running gap retraction
depth at the trailing edge, t,,, so that the running gap, at least
in a partial section, 1s inclined against the main flow path
confinement and also against the meridional flow, thereby
reducing the gap leakage flow,

with preferably the running gap retraction depth continu-
ously decreasing to zero up to the trailing edge of the blade
row, so that the peripheral guiding device has a wedge-type
shape 1n meridional section,

with preferably the running gap retraction depth continu-
ously decreasing to zero up to a point upstream of the trailing
edge and within the bladed area of the blade row, so that the
peripheral guiding device has a wedge-type shape 1n meridi-
onal section,

with preferably the downstream extension of the peripheral
guiding device, w, being confined to max. the forward third of
the blade tip according to the requirement w<0.33 1,,,,

with preferably the main flow path confinement extending
essentially smoothly and, consequently, a bending point
being provided 1n the blade tip and 1n the running gap while
maintaining the wedge-type shape of the peripheral guiding
device,

with preferably the main flow path confinement being
S-shaped and a rectilinear course of the blade tip and the




US 8,690,523 B2

9

running gap being provided while maintaining the wedge-
type shape of the peripheral guiding device,

with preferably an inclination angle of the running gap
amounting to less than 8° being provided (-8°<a<8°),

with preferably an upstream extension of the peripheral
guiding device, v, greater than 0.25-1,., being provided,
thereby orienting the leading edge of the peripheral guiding
device profiles obliquely to the running gap and obliquely to
the main tlow path confinement corresponding to an aerody-
namic sweep,

with preferably the profiles of the peripheral guiding
device not being cambered,

with preferably the profiles of the peripheral guiding
device being cambered,

with preferably a stagger angle A, of the profiles of the
peripheral gmiding device being provided with a value 1n the
range —40°<A ,<30°,

with preferably the stagger angle A, of the profiles of the
peripheral guiding device and the stagger angle Ao of the
profiles of the blade row having opposite signs,

with preferably the stagger angle A, of the profiles of the
peripheral guiding device and the stagger angle Ao of the
profiles of the blade row having equal signs,

with preferably the profiles of the peripheral guiding
device featuring a wedge-type shape with maximum thick-
ness at their trailing edge,

with preferably in the rearward part of the bladed area of
the blade row an abradable coating being provided and the
blade tip being provided with a step such that the running gap
in the area of the peripheral guiding device 1s larger than 1n the
area of the abradable coating,

with preferably 1n the rearward part of the bladed area of
the blade row an abradable coating being provided and the
peripheral guiding device being somewhat recessed against
the abradable coating such that the running gap 1n the area of
the peripheral guiding device 1s larger than 1n the area of the
abradable coating.

The present invention provides for a significantly higher
aerodynamic loadability of rotors and stators 1n fluid flow
machines, with elfficiency being maintained or even
improved. A reduction of the number of parts and the weight
of the components by more than 20 percent 1s achievable.
Application of the concept to the high-pressure compressor of
an aircrait engine with approx. 25.000 lbs thrust leads to a
reduction of the specific fuel consumption of up to 0.5 per-
cent.

LIST OF R

L]
M

ERENCE NUMERALS

1 Casing

2 Annulus duct/main flow path

3 Rotor drum (hub)

4 Machine axis

5 Blade/blade row

6 Hub or casing assembly

7 Annular groove/(upstreamly oriented) groove
9 Upstream blading (optional)

10 Row of profiles (straight or cambered), peripheral guiding
device

11 Gap/running gap

12 Profiles of 10

13 Passage
14 Abradable coating

What 1s claimed 1s:
1. A fluid tlow machine, comprising:

a hub;
a casing;
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a main flow path which 1s confined by the hub and casing;

at least one row of blades arranged 1n the main tlow path;

a blade tip provided on the blade row, with the blade tip and
the main flow path confinement performing a rotary
movement relative to each other 1n a vicinity of the blade
t1p;

a peripheral guiding device connected to the main flow
path confinement and extending into the main flow path,
the peripheral guiding device including a row of profiles
extending from the main flow path confinement into the
main tlow path;

a running gap positioned between the blade tip and the
peripheral guiding device, with at least a portion of the
running gap being retracted from the main flow path
conflnement;

wherein a runming gap retraction depth at a leading edge of
the blade tip, t,, 1s larger than a running gap retraction
depth at a trailing edge of the blade tip, t,,, and that the
running gap, at least 1n a partial section, 1s inclined
against the main flow path confinement and against the
meridional flow:

wherein the running gap retraction depth continuously
decreases from a forward gap endpoint of the peripheral
guiding device to zero up to a point upstream of the
trailing edge and within a bladed area of the blade row,
and the peripheral guiding device has a wedge-type
shape 1n meridional section;

wherein a configuration of the peripheral guiding device
and of the running gap, as referred to a meridional sec-
tion of the fluid flow machine, 1s defined by the follow-
ing characteristics:

a) I, 1s a length between the leading edge and the trailing
edge at the blade tip,

b) the running gap retraction depth from the main flow path
confinement at the leading edge, t,, 1s subject to a
requirement t,<0.3-1,,

¢) the running gap retraction depth from the main flow path
confinement at the trailing edge, t,, 1s subject to a
requirement t,,<0.3-1;.,

d) a leading edge offset at the running gap between the
blade tip and the peripheral guiding device at the running
gap, d;- , 1s subject to: =0.05-1,,<d;, <0.5-1,,,

¢) a trailling edge offset at the running gap between the
blade tip and the peripheral guiding device at the runming
gap, d,,, 18 subject to: =0.1-1,.,,<d,,,<0.1-1,,,

) an upstream extension of the peripheral gmiding device
with respect to the leading edge of the blade tip, v, 1s
subject to a requirement 0.05-1;,<v<I;,

o) a downstream extension of the peripheral guiding device
with respect to the leading edge of the blade tip, w, 1s
subject to a requirement O<w<1.1 I,

2. The fluid flow machine of claim 1, wherein leading

edges of the profiles are directly exposed to a main flow 1n the
main flow path with the main flow passing between the pro-
files.

3. The fluid flow machine of claim 2, wherein the main flow
path confinement has a smooth continuous surface extending
between at least two adjacent ones of the profiles from a
position separated upstream of the profiles to a position sepa-
rated downstream of the profiles.

4. The fluid flow machine of claim 1, wherein the periph-
eral guiding device extends along an entire length of the blade
tip and the running gap retraction depth continuously
decreases from a forward gap endpoint of the peripheral
guiding device to zero up to the trailing edge of the blade row.
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5. A fluid flow machine, comprising:
a hub;
a casing;

a main tlow path which 1s confined by the hub and casing;

at least one row of blades arranged 1n the main tlow path;

a blade tip provided on the blade row, with the blade tip and
the main flow path confinement performing a rotary
movement relative to each other 1n a vicinity of the blade
t1p;

a peripheral guiding device connected to the main flow
path confinement and extending into the main flow path,
the peripheral guiding device including a row of profiles
extending from the main flow path confinement into the
main tlow path;

a running gap positioned between the blade tip and the
peripheral guiding device, with at least a portion of the
running gap being retracted from the main flow path
confinement;

wherein a running gap retraction depth at a leading edge of
the blade tip, t,, 1s larger than a running gap retraction
depth at a trailing edge of the blade tip, t,,, and that the
running gap, at least 1n a partial section, i1s inclined
against the main flow path confinement and against the
meridional flow:

wherein the peripheral guiding device extends along an
entire length of the blade tip and the running gap retrac-
tion depth continuously decreases from a forward gap
endpoint of the peripheral guiding device to zero up to
the trailing edge of the blade row.

6. The fluid flow machine of claim 5, wherein a down-
stream extension of the peripheral guiding device, w, 1s con-
fined to a maximum of a forward third of the blade tip accord-
ing to a requirement w<0.33 I,,, where I,,, 1s a length
between the leading edge and the trailing edge at the blade tip.

7. The fluid flow machine of claim 5, wherein the main flow
path confinement extends essentially smoothly and the
wedge-type shape of the peripheral guiding device results in
a bending point on the blade tip and 1n the running gap.

8. The fluid flow machine of claim 5, wherein the main flow
path confinement 1s S-shaped and the wedge-type shape of
the peripheral guiding device results 1n a straight course of the
blade tip and the running gap from the leading edge of the
blade tip to the trailing edge of the blade tip.

9. The fluid flow machine of claim 5, wherein an inclina-
tion angle ¢. of the runming gap falls within: —8°<a<8°.

10. The fluid tflow machine of claim 5, wherein the running
gap 1s provided parallel to a machine axis.

11. The fluid flow machine of claim 5, wherein the periph-
eral guiding device includes an upstream extension, v, greater
than 0.25-1,,, and the leading edges of the peripheral guiding
device profiles correspond to an acrodynamic sweep and are
oriented obliquely to the running gap and obliquely to the
main flow path confinement.

12. The flmd flow machine of claim 5, wherein the profiles
ol the peripheral guiding device are free of camber.

13. The flmd flow machine of claim 5, wherein the profiles
of the peripheral guiding device are cambered in their longi-
tudinal extension.

14. The fluid flow machine of claim 5, wherein a stagger
angle of the profiles of the peripheral guiding device, A, 1s
within a range —40°<A ,<30°.

15. The fluid flow machine of claim 5, wherein a stagger
angle A, of the profiles of the peripheral gmiding device and a
stagger angle A . of profiles of the blade row have opposite
S121S.
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16. The fluid flow machine of claim 5, wherein a stagger
angle A ., of the profiles of the peripheral guiding device and a
stagger angle A . of profiles of the blade row have equal signs.

17. The fluid flow machine of claim 5, wherein the profiles
of the peripheral guiding device 1n a circumierential direction
of the flmd flow machine have a wedge-type shape with
maximum thickness at their trailing edge.

18. The fluid flow machine of claim 5, wherein an abrad-
able coating 1n positioned at a rearward part of the bladed area
of the blade row and the blade tip includes a step, with the
running gap in an area ol the peripheral guiding device being
larger than 1n an area of the abradable coating.

19. The fluid flow machine of claim 5, wherein an abrad-
able coating in positioned at a rearward part of the bladed area
of the blade row and the peripheral guiding device 1s recessed
against the abradable coating 1n a radial direction, with the
running gap in an area ol the peripheral guiding device being
larger than 1n an area of the abradable coating.

20. The fluud flow machine of claim 5, wherein leading
edges of the profiles are directly exposed to a main flow 1n the
main tlow path with the main flow passing between the pro-
files.

21. The fluid flow machine of claim 20, wherein the main
flow path confinement has a smooth continuous surface
extending between at least two adjacent ones of the profiles
from a position separated upstream of the profiles to a posi-
tion separated downstream of the profiles.

22. A flud flow machine, comprising;:

a hub;

a casing;

a main tlow path which 1s confined by the hub and casing;

at least one row of blades arranged 1n the main flow path;

a blade tip provided on the blade row, with the blade tip and
the main flow path confinement performing a rotary
movement relative to each other 1n a vicinity of the blade
t1p;

a peripheral guiding device connected to the main flow
path confinement and extending into the main tflow path,
the peripheral guiding device including a row of profiles
extending from the main flow path confinement into the
main flow path;

a running gap positioned between the blade tip and the
peripheral guiding device, with at least a portion of the
running gap being retracted from the main flow path
confinement;

wherein a runmng gap retraction depth at a leading edge of
the blade tip, t,, 1s larger than a running gap retraction
depth at a trailing edge of the blade tip, t,,, and that the
running gap, at least 1 a partial section, 1s inclined
against the main flow path confinement and against the
meridional flow:

wherein the main flow path confinement 1s S-shaped and
the wedge-type shape of the peripheral guiding device
results 1n a straight course of the blade tip and the run-
ning gap irom the leading edge of the blade tip to the
trailing edge of the blade tip.

23. A flud flow machine, comprising;:

a hub;

a casing;

a main tlow path which 1s confined by the hub and casing;

at least one row of blades arranged 1n the main flow path;

a blade tip provided on the blade row, with the blade tip and
the main flow path confinement performing a rotary
movement relative to each other 1n a vicinity of the blade
t1p;

a peripheral guiding device connected to the main tlow
path confinement and extending into the main tflow path,
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the peripheral guiding device including a row of profiles
extending from the main flow path confinement into the

main tlow path;

a running gap positioned between the blade tip and the
peripheral guiding device, with at least a portion of the
running gap being retracted from the main flow path
conflnement:;

wherein a running gap retraction depth at a leading edge of
the blade tip, t;, 1s larger than a running gap retraction
depth at a trailing edge of the blade tip, t,,, and that the
running gap, at least 1n a partial section, 1s inclined
against the main flow path confinement and against the
meridional flow;

wherein the leading edges of the peripheral guiding device
profiles correspond to an aerodynamic sweep and are
oriented obliquely to the running gap and obliquely to
the main flow path confinement;

wherein the peripheral guiding device extends along an
entire length of the blade tip and the running gap retrac-
tion depth continuously decreases from a forward gap
endpoint of the peripheral guiding device to zero up to
the trailing edge of the blade row.

24. A fluid flow machine, comprising:

a hub:
a casing;
a main flow path which 1s confined by the hub and casing;

at least one row of blades arranged 1n the main flow path;
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a blade tip provided on the blade row, with the blade tip and
the main flow path confinement performing a rotary
movement relative to each other 1n a vicinity of the blade
t1p;

a peripheral guiding device connected to the main flow
path confinement and extending into the main flow path,
the peripheral guiding device including a row of profiles
extending from the main flow path confinement into the
main tlow path;

a running gap positioned between the blade tip and the
peripheral guiding device, with at least a portion of the
running gap being retracted from the main flow path
conflnement;

wherein a runming gap retraction depth at a leading edge of
the blade tip, t;, 1s larger than a running gap retraction
depth at a trailing edge of the blade tip, t,,, and that the
running gap, at least 1 a partial section, 1s inclined
against the main flow path confinement and against the
meridional flow;

wherein the profiles of the peripheral gmiding device 1n a
circumierential direction of the fluid flow machine have
a wedge-type shape with maximum thickness at their
trailing edge;

wherein an abradable coating 1n positioned at a rearward
part of the bladed area of the blade row and the periph-
cral guiding device 1s recessed against the abradable
coating 1n a radial direction, with the running gap 1n an
area of the peripheral guiding device being larger than 1n
an area of the abradable coating.
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